Although there is emerging evidence that mast cells are involved in infertility, their exact role has not been elucidated clearly. Here we carried out a retrospective casecontrol study to find out whether there is a correlation between mast cell (MC) count and proliferation (Ki67 index) of the spermatogenic epithelium as well as of the Sertoli cells (vimentin-positive) in non-obstructive azoospermia (NOA). We assessed MCs, Ki67 and vimentin expression in Sertoli cells in testicular biopsies of germ cell aplasia (GCA, n = 14) and maturation arrest (MA, n = 14) vs. normal spermatogenesis (n = 14) cases. There was a significant decrease in the spermatogonial Ki67 index (1.25 AE 0.91, 4.21 AE 1.81 vs. 39.57 AE 3.92) and Johnsen score (2.48 AE 0.65, 4.89 AE 1.05 vs. 9.75 AE 0.30) as well as a significant increase (P < 0.001) in MC count (29.00 AE 4.11, 7.57 AE 1.95 vs. 3.00 AE 1.30) in seminiferous tubules of infertile cases with GCA and MA vs. controls. On the other hand, the percentage of vimentin-expressing Sertoli cells was significantly decreased (P < 0.001) in biopsies of cases with MA (35.50 AE 15.62) compared to those of cases with GCA and controls (72.64 AE 10.67 and 98.57 AE 1.45 respectively). Additionally, a significant negative correlation was detected between MC count and Ki67 index as well as Johnsen score in the MA group which became more significant in the GCA group. The significant increase in MC count in the GCA group and to a lesser extent in the MA group indicates their possible role in NOA particularly at the spermatogonial proliferation level and this is supported by the significant negative correlation with the Ki67 index.
Non-obstructive azoospermia (NOA) is characterized by absence of sperm in the ejaculate. Germ cell aplasia (GCA) and maturation arrest (MA) constitute two major histological categories. Germ cells do not complete spermatogenic development in MA (Hung et al. 2007) , which may occur early, where only spermatogonia or spermatocytes are detected, or late, in which spermatids are found without spermatozoa (Kim et al. 1999; Kadioglu et al. 2001) . MA may be primary (genetic or idiopathic) or acquired by iatrogenic factors, endocrinopathy, nutrition, infection, cryptorchidism, testicular torsion and varicocele (Ishikawa et al. 2004) . Similarly, GCA has various aetiologies including hypogonadotropic hypogonadism, cryptorchidism, oestrogen treatment, chemotherapy or Del Castillo's syndrome (Nistal et al. 1990; Mancini 2009 ); nonetheless, its karyotype can be normal (Hanmayyagari et al. 2015) .
The wall of the seminiferous tubules is normally supported by scanty extracellular matrix (ECM) which contains proteins and peritubular cells that are essential for male fertility (Mayerhofer 2013) . Factors derived from the ECM act directly or indirectly (via Sertoli cells) on spermatogonial stem cells to determine their self-renewal or differentiation into their descendants (de Rooij 2009) . Moreover, the widely distributed Sertoli cells found all over the basal membrane of the seminiferous tubules produce growth factors that stimulate self-renewal as well as differentiation of the spermatogonial stem cell formation (de Rooij 2009). Therefore, failure of Sertoli cells to proliferate normally results in reduced production of spermatozoa in adulthood, and failure of their maturation leads to defective spermatogenesis (Sharpe et al. 2003) .
Sertoli and Leydig cells are the two key somatic cells in the testis that produce prostaglandins (PGs) and express cyclooxygenase-2 (COX2), which has also been identified in testicular mast cells (MCs) of infertile patients indicating their possible role in testicular inflammation associated with idiopathic infertility (Frungieri et al. 2015) . Although increased MCs have been detected in the testes of infertile cases, their negative impact on sperm functions in these cases has not been clearly elucidated (Haidl et al. 2011 ). ElKaraksy et al. (2007 have suggested a possible association between MCs and asthenozoospermia in infertility, yet MCs can be observed in the human ejaculate without influencing sperm function (Allam et al. 2009 ).
Most of the previous researches have focused on the number, location or function of MCs in infertility; however, no previous study had investigated MC count in relation to the proliferation of spermatogonia, severity of seminiferous tubule injury and Sertoli cells in NOA cases. Therefore, the objective of this study was to find out whether there is a correlation between testicular MC count and spermatogonial proliferation as well as vimentin expression in Sertoli cells.
Materials and methods

Testicular biopsies
We performed a retrospective study on testicular biopsies of 42 adult men (age range, 25-39 years) obtained from the archive of the Pathology Department, Mansoura Faculty of Medicine. They were divided into three groups: obstructive azoospermia cases (control group, n = 14) whose biopsies showed normal spermatogenesis; patients having GCA (GCA group, n = 14); and those with MA (MA group, n = 14) at different stages of spermatogenesis.
Specimens were fixed in Bouin's solution, embedded in paraffin and processed for histological evaluation by haematoxylin and eosin (H&E) as well as immunohistochemical study. Microscopic analysis of single seminiferous tubules was performed using an Olympus CX31 microscope. Spermatogenesis was evaluated in various groups according to Johnsen score (Johnsen 1970; Table S1) , and data were collected in each case of the diagnosed NOA (GCA and MA).
Immunohistochemical assay
Paraffin sections were used for immunohistochemical assessment of vimentin expression in Sertoli cells by employing monoclonal anti-vimentin antibodies (Clone V9, dilution 1:500; DAKO, Copenhagen, Denmark) as previously described by Maymon et al. (2002) . In addition, we have previously shown that Ki67 is an established marker for assessment of cell proliferation in inflammatory (AbdelHamid & El-Firgany 2016; Atef et al. 2016 ), vascular stress (Abdel-Hamid et al. 2017 as well as premalignant (Abdel-Hamid et al. 2016a,b) conditions; therefore, we employed Ki67 (monoclonal MIB-1, dilution 1:50; DakoCytomation, Carpinteria, CA, USA) as an index for evaluating spermatagonial proliferation. Streptavidin-biotin technique was the selected method for immunohistochemistry, and visualization of the immunoreaction was attained by a horseradish peroxidase-based chromogen substrate. Finally, the sections were counterstained with haematoxylin, dehydrated and mounted for microscopic evaluation.
Distribution of vimentin-expressing Sertoli cells was evaluated as a percentage as reported previously (Steger et al. 1996) . We employed IMAGEJ software (version 1.43; NIH, Bethesda, MD, USA) to accomplish this process. In addition, in each specimen, 20 tubules of each case of NOA were scored, and the number of Ki67-immunolabelled spermatogonia and the total number of spermatogonia were determined in the cross sections of individual seminiferous tubules. The ratio of the number of Ki67-positive (Ki67 + ) spermatogonia to total number of spermatogonia in each tubule was considered the percentage of proliferating spermatogonia.
Mast cell assay
The count of Giemsa-positive MCs in specimens with normal spermatogenesis, GCA and MA was evaluated. We quantified MCs (940) in 10 fields for each testicular section of biopsies of the mentioned cases.
Statistical analysis
Data are presented as mean AE SD. While one-way ANOVA test was employed to compare means between groups, Pearson's correlation coefficient was used to assess the correlation between MC count and the other variables (Johnsen score, Ki67 index and vimentin expression). A P value <0.05 was considered as statistically significant in all analyses.
Ethical approval statement
Written informed consent was obtained from all included patients for approval of carrying out the study by the Mansoura Faculty of Medicine Ethics Committee.
Results
In testicular biopsies of the control cases the seminiferous tubules appeared intact ( Figure S1a ) and lined by normal spermatogenic epithelium ( Figure S2a) . The latter showed all typical stages of spermatogenesis including spermatogonia, primary spermatocytes and rounded and mature spermatids (Figure 1a ). On the other hand, disappearance of germ cells was observed in seminiferous tubules of infertile cases with GCA along with preservation of their Sertoli and Leydig cells. The latter frequently displayed a moderate degree of hyperplasia in the copious interstitium infiltrated by inflammatory cells and excess collagen deposition ( Figure S1b ).
Complete reabsorption of seminiferous tubules was detected in some GCA biopsies leaving ghost tubules that were sometimes hyalinized and completely devoid of the spermatogenic epithelium. On the other hand, testicular biopsies of the third group ( Figure S2c) showed MA of spermatogenic epithelium at various stages of spermatogenesis. Interestingly, a mild degree of Leydig cell hyperplasia was occasionally detected in their relatively widened interstitial tissue. The mean Johnsen score of the seminiferous tubules in the GCA group (2.48 AE 0.65) was significantly decreased (P < 0.001) compared to both the MA (4.89 AE 1.05) and control groups (9.75 AE 0.3; Table 1 ). Similarly, the Ki67 index was significantly decreased in the GCA group (1.25 AE 0.91) compared to the other two groups Table 1 ). On the other hand, the percentage of vimentin-expressing Sertoli cells was significantly decreased (P < 0.001) in biopsies of cases with MA (35.50 AE 15.62) compared to those of cases with GCA and controls (72.64 AE 10.67 and 98.57 AE 1.45 respectively; Figure 2 ; Table 1 ).
Interestingly, abundant MCs were frequently seen particularly in the peritubular interstitium and in the vicinity of neighbouring blood vessels of the GCA group (Figure 3) . The latter displayed a significant increase (29.00 AE 4.11, P < 0.001) in MC count compared to the other two groups (7.57 AE 1.95 and 3.00 AE 1.30 in MA group and control group respectively; Table 1 ). Moreover, the significant negative correlation observed between MC count and both Johnsen score and Ki67 index (Figure 4a , b respectively) in MA became more significant in biopsies of GCA cases. On the other hand, there was a significant positive correlation between MC count and vimentin expression in MA that became more obvious in the GCA group (Figure 4c) .
Discussion
In the current study, the germ cells disappeared in seminiferous tubules of GCA cases and their Johnsen score was the most affected compared with that of MA and control cases. On the other hand, testicular biopsies of the third group showed arrest of maturation of the spermatogenic epithelium at various stages of spermatogenesis. MA is characterized by early or late interruption of spermatogenesis (Kadioglu et al. 2001; Gat et al. 2010) , whereas the salient histopathologic feature of GCA is the absence of germ cells, without impairment of Sertoli or Leydig cells in both conditions (Anniballo et al. 2000; Jain & Halder 2012; Hanmayyagari et al. 2015) .
Mature and functional Sertoli cells are essential for the development and survival of germ cells in testes Jain & Halder 2012; Cortes et al. 2015) ; therefore, testicular disorders may originate as a result of their abnormal development or proliferation (Sharpe et al. 2003) . In our study, we displayed a strong positive vimentin expression in Sertoli cells of the control group that was significantly diminished in biopsies of cases with MA compared with those of cases with GCA and controls. Maymon et al. (2002) have mentioned that the spermatogenic defect in MA is intrinsic to germ cells by an impairment in the meiosis without affecting Sertoli cell differentiation. Moreover, Jain and Halder (2012) suggested that Sertoli cell immaturity does not play a significant role in GCA. Steger et al. (1998) attributed the low spermatogenic efficiency in infertile men to postmeiotic events together with decreased proliferative activity of spermatogonia, and Takagi et al. (2001) , on the other hand, proposed that enhanced apoptosis, rather than the proliferative defect, is the key player of the decreased number of spermatogonia in hypospermatogenesis.
In defective spermatogenesis, the architecture of the tubular wall is frequently altered with deposits of ECM produced by peritubular cells, which can affect the spermatogonial stem cell niche via secreted factors (Mayerhofer 2013) . This was evidenced in our study by the appearance of copious matrix in both the MA and GCA groups accompanying the low Ki67 index. Similar to our findings, Steger et al. (1998) have demonstrated that Ki67 is chiefly expressed in the nuclei of spermatogonia of normal spermatogenic epithelium; however, it was significantly decreased in the GCA and MA groups compared to the control group of the current study. Nonetheless, a previous study conducted by Bar-Shira Maymon et al. (2003) attributed the spermatogenic defect in MA to impairment in meiosis rather than malfunction of spermatogonial proliferation.
Our data indicated a mild degree of Leydig cell hyperplasia occasionally seen in the relatively widened interstitial tissue in the MA and GCA biopsies. Mancini (2009) has detected Leydig cell micronodules developing in the testis of cases of GCA of various aetiologies which may result in defective steroidogenesis and increased LH/testosterone ratio. Besides, de Rooij (2009) has demonstrated that Leydig cells produce factors that could link the spermatogonial stem cell niche to the interstitial tissue. He added that the preferential location of these cells and their descendants in close proximity to the interstitial tissue can affect their proliferation.
In the current study, MCs were significantly increased particularly in the peritubular interstitium and perivascular vicinity of GCA and to a lesser extent MA biopsies. The increased number of testicular MCs has been previously described in testicular dysfunction and infertility (Allam et al. 2009; Haidl et al. 2011 ) including idiopathic azoospermia (Yamanaka et al. 2000) . Meineke et al. (2000) have reported that MCs shift from the interstitium to tubular walls in GCA and MA cases with manifestation of degranulation. Moreover, Haidl et al. (2011) proposed that the increased MCs in close contact with the seminiferous tubules may be associated with dysfunction of the blood-testis barrier.
Our findings showed that the increased MCs in testicular biopsies of MA and GCA patients are negatively correlated with Johnsen score and Ki67 index but positively correlated with vimentin expression in Sertoli cells. Nevertheless, a possible trophic action of MCs in seminiferous tubules of infertile cases was mentioned by Windschuttl et al. (2014) possibly by secreting tryptase that may influence spermatogonia expressing protease-activated receptor-2. In addition, Adam et al. (2011) have demonstrated small amounts of the ECM protein decorin (DCN) in the wall of normal seminiferous tubules. On the other hand, in impaired spermatogenesis, the increased MCs produce the potent fibroblast growth factor tryptase and increase DCN, which may impair the paracrine signalling and eventually result in fibrotic remodelling in the testis of MA and GCA cases (Meineke et al. 2000; Apa et al. 2002) . Yamanaka et al. (2000) mentioned that MCs containing only tryptase are the predominant subtype in normal testes, and those containing both tryptase and chymase became the predominant subtype in various spermatogenetic disorders. Besides, Welter et al. (2011) have suggested that MC numbers and phenotypes change according to the ability to express COX2 and synthesize PGs which may play a role in spermatogenic dysfunction. This is supported by Frungieri et al. (2015) who reported that PGs modulate steroidogenesis in Leydig cells and glucose uptake in Sertoli cells, thereby acting as local modulators of testicular activity and spermatogenic efficiency.
Conclusion
From this study it could be concluded that the increased MC count in NOA, particularly GCA, together with its significant negative correlation with Johnsen score and Ki67 index, may imply that the chief suppressing role of MCs is on the spermatogonial proliferation rather than on Sertoli cells.
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